Dyslipidemia associated with triglyceride-rich lipoproteins (TRLs) represents an important residual risk factor for cardiovascular and chronic kidney disease in patients with type 1 diabetes (T1D). Levels of growth hormone (GH) are elevated in T1D, which aggravates both hyperglycemia and dyslipidemia. The hypothalamic growth hormone-releasing hormone (GHRH) regulates the release of GH by the pituitary but also exerts separate actions on peripheral GHRH receptors, the functional role of which remains elusive in T1D. In a rat model of streptozotocin (STZ)-induced T1D, GHRH receptor expression was found to be up-regulated in the distal small intestine, a tissue involved in chylomicron synthesis. Treatment of T1D rats with a GHRH antagonist, MIA-602, at a dose that did not affect plasma GH levels, significantly reduced TRL, as well as markers of renal injury, and improved endothelial-dependent vasorelaxation. Glucagon-like peptide 1 (GLP-1) reduces hyperglucagonemia and postprandial TRL, the latter in part through a decreased synthesis of apolipoprotein B-48 (ApoB-48) by intestinal cells. Although plasma GLP-1 levels were elevated in diabetic animals, this was accompanied by increased rather than reduced glucagon levels, suggesting impaired GLP-1 signaling. Treatment with MIA-602 normalized GLP-1 and glucagon to control levels in T1D rats. MIA-602 also decreased secretion of ApoB-48 from rat intestinal epithelial cells in response to oleic acid stimulation in vitro, in part through a GLP-1-dependent mechanism. Our findings support the hypothesis that antagonizing the signaling of GHRH in T1D may improve GLP-1 function in the small intestine, which, in turn, diminishes TRL and reduces renal and vascular complications.
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GHRH | type 1 diabetes | dyslipidemia | GLP-1 signaling | kidney damage D yslipidemia frequently accompanies type 1 diabetes (T1D) and represents an important component of the disease, imposing cardiovascular risk and correlating with renal dysfunction (1, 2) . Current clinical approaches directed toward diabetic dyslipidemia, including changes in lifestyle, stringent glycemic control, lipid lowering therapy, or combinations thereof, offer limited benefit, thus emphasizing the need for the development of novel therapies.
Therapy with statins reduces major cardiovascular events largely through reduction of low-density lipoprotein (LDL) cholesterol (3) . Still, an important residual cardiovascular risk, which is independent of LDL cholesterol levels, remains (4) (5) (6) (7) (8) . Chylomicrons (CMs), chylomicron remnants (CMRs), and very low-density lipoproteins (VLDLs), cumulatively known as triglyceride-rich lipoproteins (TRLs), contribute significantly to postprandial lipemia (9) . Increased TRL levels represent an important additional risk factor for atherosclerosis (10) , particularly in subjects with diabetes or the metabolic syndrome (11).
Glucagon-like peptide 1 (GLP-1), an incretin hormone secreted in the small intestine, promotes postprandial insulin release, thereby reducing blood glucose levels (12) . Endogenous GLP-1 also reduces postprandial glucagon secretion through direct actions on pancreatic islet cells, thus diminishing hepatic glucose output (13) . GLP-1 analogs are used in the treatment of type 2 diabetes, leading not only to improvements in glycemic control but also to reductions in CM biogenesis, systemic inflammation, and endothelial dysfunction (14-16). However, in T1D patients, a progressive elevation of postprandial glucagon, along with GLP-1 and plasma glucose, has been observed (17) , suggesting impaired GLP-1 signaling or, alternatively, the presence of other dominant pathways blunting GLP-1 pathways.
Hypersecretion of growth hormone (GH) has been demonstrated to impair metabolic control in T1D patients by increasing circulating glucose and lipids (18) (19) (20) (21) . The release of GH by the pituitary is predominantly regulated by hypothalamic growth Significance Growth hormone-releasing hormone (GHRH) antagonist MIA-602 reduces hyperlipidemia in rats with type 1 diabetes (T1D). Elevated triglyceride-rich lipoprotein (TRL) and LDL levels correlate with renal and cardiovascular disease in T1D. Activity of GLP-1 in the intestine to lower TRL, glucagon, and postprandial glucose levels is impaired in T1D subjects. Expression of GHRH receptor was upregulated in the small intestine, involved in chylomicron synthesis in T1D rats. MIA-602 restored GLP-1 actions on hyperlipidemia and hyperglucagonemia in T1D rats and reduced generation of Apo-B48 induced by oleic acid in intestinal epithelial cells in vitro in a GLP-1-dependent manner. MIA-602 significantly improved proteinuria and vasorelaxation capacity in T1D rats. These findings unravel a previously unidentified pathway in T1D mediated by GHRH associated with impaired GLP-1 signaling and hyperlipidemia.
hormone-releasing hormone (GHRH). However, receptors for GHRH are also expressed in extrapituitary sites and were shown to be independently involved in various physiological and pathological events (22) (23) (24) . Whether the GHRH receptor is up-regulated in the small intestine in the context of T1D, and whether its activation plays a role in the impairment of GLP-1 signaling and in the disease process, however, are still unknown.
Here, we examined the expression of peripheral GHRH receptors during the development of streptozotocin (STZ)-induced T1D in rats. Additionally, we assessed the effects of s.c. administered GHRH receptor antagonist, MIA-602 (23), on the metabolic profile, endothelial vasoreactivity, and renal injury. Our results demonstrate up-regulated expression of GHRH receptors in the small intestine in T1D. Moreover, the GHRH antagonist, MIA-602, restored the levels of GLP-1 to normal, blunted dyslipidemia and hyperglucagonemia, and improved vasorelaxation and kidney function in fed T1D animals. MIA-602 blunted secretion of apolipoprotein B-48 (ApoB-48) from rat primary intestinal epithelial cells in response to oleic acid challenge, in part through restoration of GLP-1 signaling.
These findings demonstrate a previously unrecognized role for GHRH signaling in the complications of dyslipidemia and hyperglucagonemia associated with T1D.
Results
Expression of GHRH Receptor Is Increased in the Small Intestine of T1D Rats. We induced T1D in Wistar rats (male, 320-350 g) with i.p. injection of a single dose of STZ (50 mg/kg body weight). The expression of GHRH receptors, the nominative pituitary phenotype and its bioactive splice variant, SV-1 receptor, has been demonstrated in several peripheral tissues, including lung, heart, intestine, colon, and kidney (23, 24) . However, the potential functional role of GHRH receptors in the small intestine, a tissue crucially involved in CM synthesis (25) , has not been investigated during T1D. The entire small intestine was removed from rats, and its length was measured from the pylorus to the ileocecal junction. Averaged values were as follows: control, 96 ± 17.1 cm; diabetes, 155.8 ± 10.6 cm; and MIA-602-diabetes, 157.3 ± 7.6 cm. The entire intestine was then divided into four segments, and the third and fourth distal segments (jejunum-ileum) were included for the protein evaluation. As shown in a representative Western blot experiment in Fig. 1 A and B, a significantly increased expression of the GHRH receptors (>20-fold) was detected in homogenates of jejunal-ileal segments of the distal small intestine of T1D rats after 14 wk of diabetes. This was compared with nondiabetic controls, using a polyclonal rabbit antibody reacting with rat GHRH receptor and with its splice variant 1. Upon the development of hyperglycemia (>300 mg/dL plasma glucose), which usually occurred 3 d post-STZ injection, rats were treated with a GHRH receptor antagonist, MIA-602 (23) (25 μg/kg, s.c.) or with vehicle, three times a week for 14 wk of diabetes in total. GHRH has been shown to increase the expression of the GHRH receptor via the cAMP/PKA/CREB pathway (24, 26, 27) . Treatment with GHRH antagonist significantly blunted GHRH receptor expression (by approximately fivefold) in the jejunum-ileum of diabetic rats ( Fig. 1) .
GHRH Antagonist Reduces Dyslipidemia in T1D Rats. Our observation on the increased expression of GHRH receptors in the small intestine, as well as the relationship of the intestine to CM synthesis, prompted us to investigate the effects of GHRH on lipid metabolism during T1D. To specifically test the effects of the GHRH antagonist, MIA-602, on metabolic and hormonal profiles, we did not administer insulin during the study period. This avoided potentially confounding influences on CM assembly in the enterocyte, on lipoprotein lipase activity in the vasculature of fat and muscle tissue (28, 29) , on hepatic uptake of CMs or VLDL remnants (30) , and on intraislet glucagon secretion (31).
As shown in Table S1 and SI Results, treatment with MIA-602 did not affect intake of food or water, or 24-h urine volume, in T1D rats. Moreover, treatment with MIA-602 did not affect body weight at any point during the study. By contrast, we detected a significant reduction in lipemic plasma, which was visually apparent ( Fig. 2A) , in T1D rats treated with MIA-602. Total cholesterol levels ( Fig. 2B ) and VLDL/LDL-cholesterol ( Fig. 2C) were also lower in the animals treated with MIA-602 compared with vehicle-treated STZ diabetic animals. The reduced VLDL/LDL-cholesterol fraction may have resulted from diminished de novo hepatic synthesis of fatty acids, reduced esterification of fatty acids from TRL remnant hepatic uptake, or improvement in TRL clearance (32) (33) (34) . Plasma triglyceride levels were significantly increased in diabetic rats (89.3 ± 4.2 mg/dL), compared with the control group (84.7 ± 1.2 mg/dL; P < 0.05 vs. STZ), and this was significantly blunted by MIA-602 treatment (82.3 ± 2.8 mg/dL; P < 0.01 vs. STZ; n = 6 per group). As shown in Fig. 2D , treatment with MIA-602 blunted plasma levels of ApoB-48. A limitation of these findings is that in rat serum ApoB-48 is not an exclusive marker for intestinal lipoproteins as it is in humans (35) . Indeed, diabetic rats accumulate both intestinal and hepatic ApoB-48 in serum. As such, although we show an in vitro effect of GHRH antagonist on intestinal generation of ApoB-48, the in vivo effects cannot be interpreted to exclusively reflect intestinal lipoprotein production. Notably, treatment with MIA-602, at the dose used, did not significantly impact the plasma GH levels in T1D rats [control nondiabetic (6.7 ± 3.3 ng/mL), STZ (9.4 ± 5.3 ng/mL), and MIA-602/STZ groups (10.0 ± 4.0 ng/mL)] (Fig. 2E) . These results emphasize the role of GHRH signaling in dyslipidemia during T1D, independent of its effects on GH generation.
GHRH Impairs GLP-1 Signaling in T1D. Increased levels of ApoB-48 lipoprotein during T1D may result from increased intestinal production of CM and/or decreased clearance of CMR. Activation of the GLP-1 receptor reduces postprandial triglyceride levels, in part by decreasing intestinal synthesis of ApoB-48, thus inhibiting CM assembly in enterocytes (14, 15) . Western blot data indicated an augmented expression of GLP-1 receptor in distal small intestine (2.6 times that of control) and liver (3.6 times that of control) in T1D rats (Fig. 3A) . This was unaffected by MIA-602 treatment (Fig.  3A) . MIA-602 diminished intestinal GHRH receptor expression ( Fig. 1 A and B) , lipemia, and ApoB-48 plasma levels in T1D rats ( Fig. 2 A and D) , suggesting that it might have reduced apolipoprotein production by enterocytes. To support this hypothesis, we compared effects of a GHRH agonist, JI-34, with GHRH antagonist, MIA-602, on Apo-B48 generation induced by oleic acid (0.5 mM) in rat small intestinal epithelial cells (IEC-6) (ATCC CRL-1592). GHRH agonist, JI-34 (1 μM), did not modify the expression of either GLP-1 receptor (Fig. 3 B and C) , GHRH receptor, or SV-1 receptor (Fig. 3 B, D , and E) in these cells, after up to 24 h of treatment. To mimic treatment with the GHRH antagonist MIA-602 in our in vivo T1D model, we evaluated its effect in the absence of insulin on the secretion of ApoB-48 from cells exposed to oleic acid in vitro, in the presence or absence of a GLP-1 agonist. Intestinal epithelial cells respond to oleic acid treatment (0.5 mM) by releasing increased amounts of ApoB-48 lipoproteins in the medium (6.67 ± 0.26 μg/mL; P < 0.025), compared with cells treated with medium alone (3.48 ± 0.98 μg/mL) (Fig. 4) . The GLP-1 agonist exendin-4 (10 nM) significantly reduced the release of ApoB-48 (Fig. 4) . This action of exendin-4 on ApoB-48 release was abrogated by pretreating the cells with either the GLP-1 receptor antagonist exendin 9-39 (100 nM; 8.78 ± 0.34 μg/mL) or with the GHRH agonist, JI-34 (8.38 ± 0.46 μg/mL) (Fig. 4) . GHRH antagonist, MIA-602, restored the protective effect of exendin-4 in the presence of JI-34 (4.47 ± 0.46 μg/mL). These data indicated that GHRH can impair GLP-1 signaling in IECs. We also investigated whether GHRH increases ApoB-48 secretion in the absence of GLP-1 agonist. As shown in Fig. 4 , treatment with the agonist, JI-34 (1 μM), slightly but significantly increased (7.47 ± 0.005 μg/mL; P < 0.05), whereas the antagonist, MIA-602 (1 μM), significantly reduced secretion of ApoB-48 (3.43 ± 0.15 μg/mL; P < 0.0004), compared with cells challenged with oleic acid alone. The GLP-1 receptor antagonist, exendin 9-39, completely abrogated this MIA-602 effect on ApoB-48 secretion (7.56 ± 0.53 μg/mL; P < 0.0002). Taken together, these results indicate that the inhibitory action of MIA-602 on the generation of ApoB-48 in IECs is at least partially mediated through restoration of GLP-1 signaling.
Effects of GHRH Antagonist on Plasma Glucose and the Glucose Regulatory Hormones. We next investigated the effects of MIA-602 on plasma glucose and glucose regulatory hormones. Blood glucose levels were similar among T1D rats in the nonfasting state, when treated with vehicle or with MIA-602 in the absence of exogenous insulin administration (Table S2 and SI Results). The destruction of pancreatic beta cells by STZ was evidenced by the complete loss of endogenous insulin and amylin. Amylin is colocalized and cosecreted with insulin in the granules within pancreatic beta cells (Table S2) . Consistent with findings in T1D patients (17) , plasma levels of both glucagon and GLP-1 were significantly higher in vehicle-treated T1D rats compared with control nondiabetic rats, indicating that secretion of GLP-1 is not impaired in T1D. Levels of GLP-1 and glucagon were reduced toward normal values in T1D rats treated with MIA-602 (Table S2 and SI Results), suggesting that MIA-602 modulated glucagon secretion from pancreatic alpha cells independently of intraislet insulin. GHRH Antagonist Reduces Kidney Damage in T1D. Both dyslipidemia and hyperglycemia were shown to induce nephropathy through oxidative and inflammatory mechanisms in diabetic humans and rodents (36) (37) (38) . Because treatment with MIA-602 significantly improved dyslipidemia in T1D rats, we evaluated its effect on proteinuria and on expression of α-smooth muscle actin (α-sma), a marker of renal fibrosis; both of these are indicative of kidney injury. We found that both proteinuria (expressed as the albumin/ creatinine ratio) and α-sma expression in kidney cortex (detected by Western blotting in homogenates) (39) were significantly increased in vehicle-treated T1D rats, compared with controls and were reduced by MIA-602 treatment (Fig. 5 A and B) . Notably, the bioactive GHRH splice variant 1 receptor is expressed in fibroblasts (39) , suggesting that instigation of the GHRH receptor may directly promote renal fibroblast activation.
MIA-602 Improves Vascular Function in T1D.
CMs and CMRs were demonstrated to increase the generation of the proinflammatory and proatherogenic chemokine, monocyte chemoattractant protein 1 (MCP-1), in vascular endothelial cells (40) . Therefore, we analyzed MCP-1 levels in the serum. Induction of T1D resulted in a significant increase of MCP-1 serum levels; this was reduced by treatment with MIA-602 (Fig. 5C ). Both dyslipidemia and increased MCP-1 plasma levels represent risk factors for vascular endothelial dysfunction. We detected a significant impairment in endothelialdependent vasodilation by acetylcholine (ACh) in thoracic aortas of vehicle-treated T1D rats (Fig. 5D) Responses to the endothelialindependent vasodilator sodium nitroprusside (SNP) were similar among the three groups of animals (Fig. 5E ). These findings suggest that interference with GHRH signaling improves endothelial function, a harbinger of cardiovascular risk, in T1D. Discussion T1D affects nearly 2 in 1,000 juveniles in the United States (41) . Cardiovascular disease, the leading cause of morbidity and mortality in T1D patients, is caused by a complex interplay of metabolic risk factors, including hyperglycemia, dyslipidemia, and kidney disease (1) . CMs, CMRs, and VLDLs, collectively known as TRLs, are increasingly recognized for their role in diabetic atherogenesis (42) (43) (44) (45) . Here, we provide a previously unidentified insight into mechanisms that regulate TRL production in T1D. We demonstrate an up-regulated expression of GHRH receptors in the small intestine of T1D rats, in conjunction with dysregulated GLP-1 signaling. Using a cell culture model, we show that GHRH receptor signaling modulates ApoB-48 production by small intestine cells in a GLP-1-dependent manner.
Type 1 diabetic patients were shown to exhibit elevated GH levels and exaggerated GH response to GHRH (46, 47) , which in turn may contribute to dyslipidemia (48) . Besides stimulating GH production in the pituitary gland, GHRH also exerts peripheral effects through full-length pituitary type receptors and splice variant 1 receptors that are expressed in various organs, including lung, heart, stomach, small intestine, colon, and kidney (22) (23) (24) . Various functions of peripheral GHRH receptors remain to be fully elucidated. Here, we demonstrate that 4 . GHRH agonist increases and GHRH antagonist decreases ApoB-48 secretion in oleic acid-treated IEC-6. One-hour pretreatment with GHRH agonist JI-34 (1 μM) increases ApoB-48 secretion in rat small intestinal epithelial cells (IEC-6) (ATCC CRL-1592) grown to confluence in six-well plates, in the absence or presence of GLP-1 agonist exendin-4 (3 h, 10 nM) and oleic acid (3 h, 0.5 mM) (n = 6 per group). GHRH antagonist MIA-602 (1 μM) abrogates secretion of ApoB-48 by itself or in the presence of JI-34 and exendin-4 in rat IEC, in a GLP-1-dependent manner, because this effect is blunted upon addition of the GLP-1 receptor antagonist exendin 9-39 (100 nM) (n = 6 per group).
expression of GHRH receptors in small intestine, a tissue crucially involved in CM synthesis (25) , is up-regulated in T1D. Moreover, s.c. treatment with a GHRH antagonist, MIA-602, significantly reduced plasma levels of LDL, VLDL, and ApoB-48 lipoprotein in T1D rats. We considered the possibility that the GHRH antagonist MIA-602 could favorably modulate lipid metabolism by reducing the production of GH (48) . However, MIA-602, with the treatment regimen used (25 μg/kg, s.c., three times a week for 14 wk), did not affect plasma levels of GH in T1D rats. This result is consistent with patient data, suggesting that circulating GHRH levels are not relevant in dysregulation of GH in T1D (49) . Our findings demonstrate that the GHRH antagonist MIA-602, at least in this experimental T1D model, can improve lipid profiles without affecting GH production.
The small intestine plays a crucial role in regulating the rate of production of CMs in both the fed and fasting states (25) . Insulin influence in the intestine can reduce levels of ApoB48 and can stimulate lipoprotein lipase activity in control animals (50, 51) . However, oxidative stress, T1D, fructose feeding, and inflammation can each trigger dysregulation of intestinal insulin signaling and lipoprotein lipase deficiency, which can cause exaggerated lipogenesis and lipoprotein synthesis (28, 29, 50, 51) . This, in turn, can lead to an accumulation of both intestinal (CMs) and hepatic (VLDL) lipoproteins and their remnants. Because MIA-602 significantly improved lipemia, this raises the possibility that it also improved the activity of lipoprotein lipase and TRL clearance, in addition to inhibiting ApoB-48 secretion. Insulin is absent in our STZ-induced T1D rat model; therefore, this action of MIA-602 cannot be due to an enhancement of insulin activity. It might potentially be accomplished by increasing the action of gastric inhibitory polypeptide (GIP), an intestinal hormone known to increase lipoprotein lipase expression (52) . However, plasma levels of GIP were not increased in T1D rats treated with MIA-602 (46.7 ± 9.6 pg/mL), compared with vehicle-treated diabetic animals (85.7 ± 37.5 pg/mL; not significant vs. MIA/STZ).
The incretin GLP-1 lowers levels of TRL in the intestine and reduces glucagon levels (53) . However, plasma levels of both GLP-1 and glucagon have been reported to be elevated in T1D patients (17) . These data suggest that T1D patients exhibit impaired GLP-1 signaling and thus may not benefit from GLP-1-based therapies. Despite increased plasma levels of GLP-1 and a stronger expression of the GLP-1 receptor in small intestine, T1D rats exhibited elevated glucagon levels, suggesting impaired GLP-1 signaling. Treatment with the GHRH antagonist MIA-602 reduced plasma levels of GLP-1, glucagon, and TRL.
Results from in vitro experiments using primary rat small intestinal epithelial cells treated with oleic acid show that the GHRH agonist JI-34 impairs the action of the GLP-1 receptor agonist exendin-4 on secretion of ApoB-48. By contrast, the GHRH antagonist MIA-602 significantly reduced ApoB-48 levels, an effect that was blunted by the specific GLP-1 receptor antagonist exendin 9-39. These outcomes were not associated with changes in the expression of either GHRH or GLP-1 receptors in the intestinal epithelial cells. These findings suggest that activation of GHRH receptors blunts the effects of GLP-1 signaling on the release of ApoB-48. Our data suggest that antagonizing GHRH signaling has the capacity to improve GLP-1 signaling in T1D rats in vivo. Besides directly affecting ApoB-48 secretion in small intestinal epithelial cells, GLP-1 has also been proposed to inhibit CM production via melanocortin-4 receptors, thus establishing a brain-gut axis (54). We have not excluded the possibility that MIA-602 may also modulate lipoprotein production through this pathway.
Plasma triglyceride levels predict incident albuminuria in T1D subjects and rodents (36, 55) . Diabetic albuminuria involves several pathogenic mechanisms, including disruption of the glomerular barrier as well as proximal tubular injury. Impaired function of glomerular endothelial barriers involves disruption of the glycocalyx by reactive oxygen species, which are themselves induced in T1D by hyperlipidemia and/or hyperglycemia (37) . Lipid profiles were significantly improved in T1D rats treated with MIA-602. We hypothesize that this has partially contributed to the significant improvement in proteinuria in T1D rats treated with MIA-602. Alternatively, the GHRH antagonist might have acted through a direct renal mechanism, as by improving microvascular barrier function. This is unlikely, however, because we have previously shown that, in lung microvascular endothelial cells, MIA-602 slightly decreased, whereas GHRH agonists strongly enhanced, barrier function (24) . We also observed a significant reduction of α-sma, a marker of fibroblast activation and renal fibrosis in kidney cortex of T1D rats treated with MIA-602. Taken together, these results indicate renoprotective activities, in addition to the lipid-lowering effect, of GHRH antagonists in T1D.
Endothelial dysfunction is an important hallmark of cardiovascular morbidity and mortality in T1D subjects. Dyslipidemia associated with enhanced TRL is an important risk factor for cardiovascular disease, because it induces the generation of proinflammatory and proatherogenic mediators such as MCP-1 (56) . Treatment with MIA-602 both improved endothelial function and reduced plasma MCP-1 levels in T1D rats. In addition, MIA-602 appeared to restore metabolic responsiveness to GLP-1 in these animals. GLP-1, aside from reducing glucagon levels and improving dyslipidemia, was also shown to improve vasorelaxation responses by restoring nitric oxide (NO) bioavailability in renal arteries of hypertensive rats (57) . Whether such a mechanism contributed to the beneficial effects of MIA-602 on aortic endothelial function in T1D rats remains to be determined.
Based on our results, we hypothesize that GHRH signaling is at least partially involved in the impairment of GLP-1 signaling in T1D, both in the presence and absence of insulin. This, in turn, contributes to dyslipidemia, nephropathy, and endothelial dysfunction. The role of GHRH signaling in T1D, however, appears to be complex, as we previously demonstrated that synthetic GHRH agonists can enhance viability of pancreatic beta cells in a STZ-induced mouse model and thus might be useful as an adjunctive therapy for islet cell transplantation (27) . For the majority of patients who live to adulthood with T1D, inhibition of GHRH signaling could potentially emerge as a promising therapeutic approach to ameliorate the dyslipidemia, kidney damage, and cardiovascular disease risk associated with this disease.
Materials and Methods
In vitro vascular functional studies were performed by placing vessel rings of thoracic aorta as obtained from each of the groups, in a small vessel myograph (Danish Myo Technology). Vessels were precontracted with phenylephrine (10 − 6 M). Endothelial-dependent and -independent relaxation responses in vessels were tested with progressive concentrations of ACh or the nitric oxide donor SNP, respectively. The vasorelaxant responses are expressed as percent decreases from phenylephrine-induced maximal contraction. All animal experiments were approved by the Institutional Animal Care and Use Committee at Augusta University. All other information is listed in SI Materials and Methods.
